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This invention relates ha means for generating 
supersonic waves in solid objects. Ieretofore, 
such wuves were generated by impressing elec- 
tric oscillations on u piezo-electric element, such 
as u quart,z crystal, vhich then transmit,ted its i 
vibrations into the solid. It is one of the prin- 
cipal objects of this invention to provide an- 
other means for generating such supers0nic waves 
in an object.. This means comprises striking the 
object with a hammer of suitable dimensions tel- 10 
ative to the dimensions, of the piece being struck 
and with predetermined velocity. 
It is a further obJect o£ this invention to pro- 
vide a means for generating supersonic .wave 
trains or pulses by means of a hammer, ltt 
If is a further object of this invent,ion fo pro- 
vide raeans whereby longitudinal waves will be 
substantially plane upon contact with an object 
under test. 
It is another object of this invention to provide 20 
means for indicating the reflection of supersonic 
wave trains generated in an object by a hammer 
where the indicating means is an oscilloscope 
and the sweep of the oscilloscope is synchronized 
with the hammer. 25 
tVurther objects and advantages of this inven- 
tion wiI1 become apparent in the following de- 
tailed description thereOf. 
In the. accompanying drawings: 
Fiz. 1 is an assembly consisting )argely of an 
electrlc diaram and showtng one fore of my. 
invention as applied ha the detectlon of fiavs 
in a sol[d object. 
FiZ. P. Is a modified fore of hammer. 
tviz,  fs a front elevation of a type of hammer 
having a spherical end. 
Fig. 4 is an end view of a hammer, showing 
air release passages. 
Fig. 5 is a diagrammatic representation of a 
means whereby supersonic waves with a substan- 40 
tially plane front wilI contact and enter t,he work- 
piece under test. 
Fig. 6 is a vertical section through a modifled 
form of hammer for generating wave trains. 
It bas been heretofore known that objects could 4 
be tested for defects by striking the saine with a 
hammer: tri all such cases, however, the object 
was struck with a hammer of size and type and 
at a velocity, designed ha cause the object under 
test fo vibrate as a whole under its natural ire- 0 
quency and any harmonics or overtones thereof. 
It bas hot heretofore been suggested that by 
means of a hammer supersonic waves could be 
generated in an object, under, test preferably in 
the form of a wave train whereby the supersonic  

waves would traveI into the object and be re- 
flected back from any reflecting surfaces such as 
the surface of the object opposite the surface 
thr0ugh which the supers0nic waves enter, or 
from a defect within the object.. A wave tra 
is a group of adjacent xvaves such t,hat ai a 
chosen instant there is no displacemen ahead 
or behind (in the line of propagation) the wave 
group. In another form such supersonic waves 
could be employed by measuring the quantity 
of waves passing through the object. If such 
supersonic waçes could be generated, then tey 
could be utiI!zed for the purpose of testing an 
object in the manner disclosed, for vxample, in 
my Patent No. 2,280,226, ranted April 21, 1942, 
wherein the vibrations ïn the material are de- 
tectedby a piezo-electriv element such as a 
quartz crystal and after being ampt!fied are im- 
pressed on the sweep of an 0scilloscope. 
I bave round that it is possible to generate a 
supersonie wave train in an object under test if 
the length of the hammer in the direction of 
striking is suflïciently small. The frequency o£ 
vibration of a cylindrical hammer vibrating along 
its axis after one of ifs end faces bas struck the 
work is either 
f=OE or f= 
o depending in part on how firm a contact îs 
established between the hammer and the work. 
where v is the velocity of longitudinal sound 
waves in the hammer, and  is the length of 
the cylinder. The wave Iength of the waves 
 radiated in'o the work is 
where v is the velocity of propagation of longî- 
tudina! waves in the work. Thns, assuming tha 
the flrst formula abo/e is appIicable and that 
the leng£h of the hammer is /4", and t,he veloc- 
ity v of sound in both the hammer and the work 
is 250,000"/sec. then if will be seen from the 
above formula that a frequency of 500,000 
cycles/sec, wilI be obtained winin the objec 
under test, by striking it with a hammer ''" 
in length and a wave lengbh of ç" will be 
produced in the work. Ifthe lateral dimensions 
of the hammer are'large relative to the wave 
length, ten a longitudinal be._a..pf._s_upersordc 
wave t,ra'î'ë'ïëzïy=-g6"00b will 
ated within t,he object. Any othr desired fre- 
quency may be obtained, and, in generaL by the 
tcrm supersonic frequency, I ara referring t0 
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frequencies in excess of I00,000 cycles/sec. 
Che advantage of the hammer as a source of 
supersonîc waves is ifs ability fo produce very 
strong waves. In fact, if the hammer and the 
work are of the saine materlal and the hammer 
makes square, firm contact wih the work, super- 
sonic waves may be produced in which the 
stressesare equal to the elastic limit of the 
mterial if the velocity of the hammer at the 
rime of impact divided by the velocity of sound 
.in the material iz equal to the strain in the 
rnaterial at the elastic limib. This is apparent 
.ïrom. the formula: 
Elasdc limlt (stress)  
....... 6' (velo¢i£y of striking) 
 (:zo[:ng s Inoautus) -(veloeity. of.sottnd in the material) 
Thus, if c is 15,000"/sec. and E is 30,000,000#/ 
sq. in,, and hammer vel0city st the thne of im- 
pact  of roughly lO0"/sec., supersonic waves in 
steel would bave stresses approaching the elas- 
tic limit. %Vith waves of. such strength, weak 
welds may uctually be tern apart. 
A/ter radiating Yewave the hammer tends to 
bounce out of contacb with the work end, if 
is deslred to radiate a wave train or pulse con- 
sising of Several waves, it is necessary to pro- 
vide means for holding the hammer in contact 
with the work during several periods of its vibra- 
tion. One met/od of. accomplishing this re- 
suit ts disclosed in Fig. 1 wherein a primary 
haïnmer 10 ts dested to strike an object 
under test to generate a train or pulse of super- 
sonic wav in the object. For this purpose the 
prirnary hammer 10 is connected to a secondary 
hammer I  which has a lower frequency against 
the stffness of sprng I and longer period than 
hamraerlt}. Thus, the hammer I{} will be kept 
in contact with the object I throughout a hum- 
ber of cyc]es correspondlng to the hall perlod 
of the longer period secondary hammer I I on 
spring I. By suitably proportloning the primary 
and secondary hammers, and the Connecting 
spring, a wave train of any desired duration can 
b generated. The wave train whlch is generated 
in the object 12 may be detected by a piezoelec- 
talc element wb2ch may take the form of a quartz 
crystal  in engagement with the object 12. The 
crysal will be affected by the pulse st the rime 
of ifs generation and will also be affected by the 
reflections of said pulse from any reflecting sur- 
faces such as the opposite surface of the object 
12 or from the surfaces of a defect I within 
the object. %'ïe responses of the crystal  to 
the pulses, boh original and reflected may be 
amplified by an amplifier 25 and caused to de- 
flect verically the horizontal sweep of an oscillo- 
scope 2. The horizontal sweep of the oscillo- 
soupe may be generated between horizontal 
plates  from a sweep circuit 2 which may 
be synchronized with the striking of the haro- 
mer I against object 12 by causing the haro- 
mer to close a crcuit through the sweep circuit 
by way of connection 2. Thus, each rime the 
hammer. 9 contacts the entering surface of 
Ject 12, the horizontal sweep is generated, and 
thus pulses due to the initial pulse as well as 
refiections will vary the sweep to give a visible 
indication.. The outpu of the amplifier 
caused to displace the horizontal sweep verttcally 
so that the initial pu/se of the wave train enter- 
ing object $ will appear as an indication 3{} while 
the reflection of the pulse from the rear surface 
of the objec wilI appeur as an indication  dis- 
placed horizontally from indication 3}, the 
zee of dlsplacemen representing a predeter- 

4 
mined thne interval. This thne interval repre- 
sents the rime necessary for the pu/se to travel to 
the rear surface of the objec 12 and return to 
. the entering surface of crystal I and is a func-. 
 tion of the thickness of objec 12. I£ an indi- 
cation 2 appears, at a rime interval less than 
that between  and 1 i represents a reflec- 
tion from an intermediate reflecing surface such 
as the defect 8 which is thus detected. 
10 The crystal la may be ring-shaped, as shown, 
with a central opening in which the hammer 
 operates, but other forms of crystal may be 
emptoyed. The receiving, crystal. I may ho 
lodïted at some 0ther part of"the surface of 
15 object 12 than near the hammer. 
In Fig. 1 the high frequency short period prt- 
mary hammer I] is shown .connected to the 
low frequency long period secondary hammer 
! I by a spring  7 which is diagrammatically itlus- 
20 trated. Other forma of resilient connection may 
be employed as shown, for instance, in Fig. 2 
where the primary hammer I' is connected to 
the secondary hammer I1' through a reduced 
portion 3, so that the entire unit may be turned 
25 out of a single piece. 
Since it is desirable for the hammer to strike 
the object squarely and it is essential that the 
trapped air between the hammer and the obec 
under test be permitted to escape quickly, the 
30 lower end of the hammer may be formed as 
shown in Fig. 3 with a spherical portion 88 in 
which grooves ], as shown in Fig. 4, are cut fo 
permit the trapped air to escape freely. 
A modh2ed form of hammer arrangement de- 
35 signed fo produce a large force on the primary 
hammer for a considerable period is shown in 
Fig. 6 wherein the prhnary hammer I'" is con- 
nected to the second hammer 1" by a spring 
I]' which is normaHy under compression. For 
4O this purpose the primary hammer 1" may be 
provided with a stem 4} whtch extends through 
an opening 4 in the secondary hammer, the 
stem 4] being provided with a flange 42 whose 
downward movement under the action of spring 
45 I]' is limited by the bottom 4 of secondary 
hammer 1 I". When the secondary hammer I |" 
is moved toward the workpiece the hammers 
I{]'" and 11" move as a unit until HY' strikes the 
work but I" continues the downward move- 
0 ment. The fact that the spring is pre-com- 
pressed means that a powefful force la immedi- 
ately transmitted to hammer I" and then lnt 
the workp':ece and with such force will act for 
a coniderable period immediately following the 
5 instant of impact, during which period the prt- 
mary hammer |'" will oscillate and radiate a 
wave train. 
The hammer arrangement shown consising of 
primary hammer, secondary hammer and re- 
0 allient connecion will be effective to generate a 
single wave train. If if is desired fo generate re- 
peated wave trains af periodic intervals, the 
secondary hammer may be actuated from some 
suitable source of periodic powerwhich may be 
5 eiher magnetic, pneumatic or oher means. As 
shown, the hammer is actuated by a polarized 
magnet S8 which is energized from a 60 cycle 
source of "current so that iç may strike 60 b!ows 
per second, the blows always occurring ai the 
;« saine portion of the current cycle. In this man- 
ner, the indications 3, 3 and, if a defect is 
present, also the indication 32, will be repeated 
so that the eye will retain the indications, re- 
sulting in a visibe indication. 
5 If has been stated hereinbefore that, in order 
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to generate .supersonic longitudinal waves, a 
hammer which is small in dimension relative to 
the object under test must be emptoyed. If 
the lateral dimension of the contact area o£ the 
hammer and work is also small compared with 
the radiated waye length, spherical waves will 
emanate outwardly from the point of impact as 
a center. The larger the diameter of the ciçcu- 
tar wave front the more nearly a small chord of 
said spherical surface approaches a planesur- 
face. In order to obtain substantially plane 
wave fronts when such hammer is employëd, I 
may uilize an interposed member in the form 
of an anvil 69 between the hammer and the 
workpiece ]2 so that if the anvil is moderately 
long ttïe wïfrons arrïVing at the work wfll be 
essentially.plane. The anvil may be.connected t0 
the workpiece ttirough off, mercUrY, glycerine or 
foil.. 
The foregong descriptionof the invention is 
merely illustrative and changes may be made 
- within the scope of the appended clalms. 
Having described my invention, what I claim 
and desire to secure by Letters Patent is: 
1. A device for inspecting a solid objecfi by 
vibrational wave trains, which comprises a haro- 
mer whose dimension in the direction of motion 
in-n--Kê-s=am-îê--dïeïôï{?ïîëii'ï{ for actuiting .the 
C-ïïï'fi"engagement. with the ob- 
ject, whereby wave trains yill be propga.ted in. 
th_e ob ect as d_istmBçd fromla_tons_0ïf the 
p_oi,bjecç as a whole, an electro-acoustic transducer 
enagmg the surface of the object and respon- 
sive fo said wave trains, means- for indiciting 
the output of the transducer including an oscillo- 
scope having a sweep circuiç, means for con- 
trollina said sweep circuit contact between the 
hammer and the object, and means for deflect- 
ing the sweep by the output of the transducer. 
2. A device as specifled in claire 1, Characterî 
ized by the ïac that the longitudinal dimensio 
of the hammer in the direction of striking is 
equal fo )/2, whera ]is any desired supersonic 
ïrequency and  Is the velocity of longitudinal 
waves in the hammer. 
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3. A device as specifled in claire 1, character- 
ized by the fact that the longitudinal dimension 
of the hammer in the direction of striking is 
equal to v/2], where ]is thë desi#ed frequency 
5 and vis the velocity of longitudinal waves in the 
hammer, and means for maintaining the haro- 
mer in engagement with the object for a plu- 
. rality of cycles comprising a second hammer 
resilienly connected to the flrst hammero the 
10 period of the second hammer in conjunction with 
said resilient connectin when the first hammer 
is conacting the object being longer than the 
period of the first hammer. 
4. A deçdce as specifled in claire 1, character- 
 15 ized by the fact that the hammer consists.ef a 
unitary member having a reducedportion form- 
 ing a resilient connectïon between upper and 
lower portions, said upper portion in.conjunctión 
with. the resilient connecion having a longer pe- 
20 riod than the lower portion, the lower portion 
being adapted to strike the object, the dimen- 
sion of the lower portion in the line of motion 
ing such as. to cause said lower portion to vibra 
af a supersonic frequency on striking the object. 
25 FLOYD A. FIIESTON]g. 
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